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Cytotoxic Cyplasin of t&e Sea Hare, Aplysia punctata, 
cDNA cloning and expression of bibaotive recombinants 



The present invention relates to a nucleic 

acid coding for a protein called "cypl&sin" 

that shows a preferentially* toxicity t$ 

autonomously growing mammalian cells . 

Cell death induced by this protein differs 

from both apoptosis and necrosis. An 

intracellular cell death which occurs when 

recombinantly preparing cyplasin in < 

cell cultures can be avoided by 

removal of the secretion signal in the cyplasin 

sequence. This modification: makes it possible to 

express the cyplasin in a m^anmalian ceil culture 

which is preferable with regard to the,glycosylation 

pattern of the obtained protein. *. 

The invention concerns in more detail a 

56-kDa protein isolated from the mucus of the 
European 99a hare Aplysia punctate shows a prefer- i 
ential tgxfclly to autonomously growing transformed 
mammalian cells. Cell death Induced by this protein - 
differs from both apoptosis and necrosis. The cytotoxic 
effects are irreversible and become apparent atjnano- {• 
motor concentrations In a cell type-dependent mariner, *, 
In contrast 9 injection of micromotor concentrations Into «. 
mice Is tolerated without apparent negative conseqvon* 
* ' ces. Mfcrosequenolng of the 56-kDa protein released a 
peptide sequence whose corresponding nucleotide 
sequence was used as probe to screen A. punctata 
RNA-based cDNA and to Select cDNA clones encoding 
polypeptides comprising the target peptide. Two closely 
related cDNA were detected. The cDNA encoding a 
polypeptide S58 aa In length has considered to reflect a ^ 
bona /We done encoding the cytotoxic protein. Its ' 
protein-coding section was recloned in vectors suitable * 
for expression in Escherichia colt, In mam ma Kan cells, * 
and in insect cells, respectively* The g. ccfi- expressed j 
polypeptide was biologically Inactive, Transfeeteg mertf- ; 
malian cells expressed a cytotoxlo factor and died 
thereof as if treated with the genuine cytotoxic protein. ; 
In contrast, tranefected insect ceils, which proved to be 
much less sensitive when treated with the genuine 
proteint expressed the cytotoxic factor and continued to 
proliferate, allowing to establish stable Insect ceil lines £ 
expressing sufficient amounts of the cytotoxic factor for * 
further characterization. * 
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BACKGROUND OF THE TECHNOLOGY 

Marine organisms represent an essentially unexptoited 
reservoir lor genes and metabolic products of potential 
biological and/or pharmacological Interest [1~3l«/So far, 
literature on natural products derived from marine organisms 
Is dominated by low -molecular.; weight compounds charac- 
terized by cytotoxicity. A number of such natural digs are 
either clinically applied or under evaluation as Roiential 
anticancer drug9 [1-3). In contrast, reports on exploitable 
genes from marine organisms and thBir products are rare. 
The green fluorescent protein from the Jellyfish Aequansa 
Victoria may 6erve as an example for a gene of basic 
biological Interest! which is widely used in biotechnology as 
reporter for studies on gene expression end proteft local- 
ization in living cells [4]. The tatter technology is also-applied 
In the present study. 

Sea hares appear to represent another species producing 
hfgh-molecuisr-weight gene products of interest. Originally, 
the toxicity of the mollusc Apfysfn was found to be due 1 to low- 
molecular- weight metabolic substances deriving From algal 
diet [5], However, cytolytic, antimicrobial, and antifungal 
activities could be delected in biochemical isolates of high 
molecular weight from (he sea. hares Aplysk iwodal 
A Juliana, and Dofabefla aurfcularisL Accordingly, ;i| was 
suggested that these organisms might produce water-soluble 
gene-expressed blopolymers of pharmacological Interest 
16,0]. Furthermore, these blocheihfcaf Investigations suggest 
that sea hares produce a number of closely Related 
glycoproteins of different sizes and with different biological 
activities. First attempts to characterize these protgrns on 
the sequence level led to the molecular cloning of one 
A /ajrotfa/-darlved cONA» Which showed significant 
sequence identifies with the cDNA encoding a protein 
produced by the giant African bnaff Achatfna futica 
However, a clear correlation of the protein encodad*by the 
cloned A kunxfafcOUA with any tjloiogicai activity is missing, 
This is most likely due to the fact that the biologically active 
molecules are glycoproteins and* that recombinant expres- 
sion in Escherichia coU results In biologically inactive 
proteins, , 

The potential pharmacological value of ^/sfe- derived 
proteins stimulated our approach to identify cytotoxic 
aotivlties of the European sea jhare A. punctata on the 
sequence ieveL A bfoassay- guided fractionation of the 
secreted mucus of albumen glands released a 56-kDa 
glycoprotein, whleh showed cytotoxic effects on autono- 
mously growing coifs in nanomolar concentrations, Based on 
lis cytotoxicity, its possible effects [on neoplasia, and Its origin 
Apiysia % the protein was termed cyplasin. Mlcrosequenclng 
released an infernal peptide whose corresponding nucleo- 
tide sequence was used as probe for the molecular closing of 
two cDNA encoding closely related A, punctata proteins. A 
cytotoxic recorobineni form cf one of these variants is 
expressed in mammalian and In ihsect cells underlining the 
validity of the cloning approach and providing the basis for a 
potential application of this bioactjve molecule. i 
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DETAILED DESCRIPTION OF THB1NVE 



OiWS. 



The present invention relates to an isolated nucleic acid molepule encoding the . - 

i 

protein cyplasin or a protein exhibiting biological properties thereof, being selected from the group 
consisting of 

i \ 

(a) a nucleic acid molecule encoding a protein that comprises the amino acid of Fig. 2; 

(b) a nucleic acid molecule which hybridizes to a nucleic acid molecule specified : for cyplasin 

j 

(c) a nucleic acid molecule the nucleic acid sequence of which deviates from the nucleic 
sequences specified In (a) or (b) due to the degeneration of the 'genetic code; and 

(d) a nucleic acid molecule, which represents a fragment, derivative or allelic variation of a nucleic 

.s 

acid sequence specified in (a) to (c). v 

i 

As used herein, a protein exhibiting biological properties ofcypiasin is understood to be a protein 

having at least one of the biological activities of cyplasin. 

! > 



; t 

As used herein, the term Isolated nucleic acid molecule* includes nucleic acid molecules substantially 
free of other nucleic adds, proteins, lipids, carbohydrates or other materials with which it Is naturally 
associated. For example, an isolated nucleic acid molecule could be part of a vector or a composition 
of matter, or could be contained within a cell, and still be Isolated" because that vector, composition 

of matter, or particular cell is not the original environment of the nucleic acid molecule. 

I 

» 

In a first embodiment, the invention provides an isolated nucleic acid molecule encoding the .. 
- V protein cyplasin comprising the amino acid sequence* depicted in Fig. 2. 
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The nucleic acid molecules of the Invention can be both DNA and RNA molecules. Suitable DNA 

! 

molecules are, for example, genomic or cDNA molecules. It is understood that all nucleic acid 

i * 

• i 

molecules encoding all or a portion of cyplasin are also included, as long as they encode a protein 

I ? 

with biological activity. The nucleic acid molecules of the invention can be isolated from natural 

j «; 

sources or can be synthesized according to known methods. 

i 

i 

! 

I • 

■ t 

i ' 

The present Invention also provides nucleic acid molecules -which hybridize to the above nucleic acid 
molecules. As used herein, the term "hybridize" has the meaning of hybridization under conventional 
hybridization conditions, preferably under ^stringent conditions as described, for example, in Sambrook 
et al., Molecular Cloning, A Laboratory Manual, 2 nd edition (1989) Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY. Also contemplated are nucleic acid molecules that hybridize to 
cyplasin at lower stringency hybridization; conditions. Changes in the stringency of hybridization and 
signal detection are primarily accomplished through the manipulation of formamide concentration 

(lower percentages of formamide result iiji lowered stringency), salt conditions, or temperature. For 

■ * 

i *• 

example, lower stringency conditions include an overnight incubation at 37 D C in a solution comprising 
6X SSPE (20X SSPE = 3M NaCI; 0.2M Na^PO,; 0.02M EQTA, pH 7.4), 0.6% SDS, 30% formamide, 
100jug/ml salmon sperm blocking DNA, followed by washes at 50°C with 1 X SSPE, 0.1% SDS. In 
addition, to achieve even lower stringency washes performed following stringent hybridization can be 
done at higher salt concentrations {e'4 5X SSC). Variations In the above conditions may be 
accomplished through the inclusion and/or substitution of alternate blocking reagents used to 

i > 

suppress background In hybridization experiments. The inclusion of specific blocking reagents may 
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require modification of the hybridization conditions described above, due to problems with 



compatibility. ? 



The nucleic acid molecules of the present invention also include molecules with sequences that are 

* 

degenerate as a result of the genetic code. *• 

In a further embodiment, the present invention provides Nucleic acid molecules which comprise 
fragments, derivatives and aJIelic varlantsjof the nucleic acid molecules described above encoding a 
protein of the invention. "Fragments" are understood to be parts of the nucleic acid molecules that are 
long enough to encode one of the described proteins. These fragments comprise nucleic acid 
molecules specifically hybridizing to transcripts of the nucleic acid molecules of the Invention. These 
nucleic acid molecules can be used, for example, as probesbr primera In the diagnostic assay and/or 
kit described below and, preferably, are oligonucleotides having a length of at least 15, preferably at 

j 

least 50 nucleotides. The nucleic acid molecules and oligonucleotides of the Invention can also be 

i \ 

used, for example, as primers for a PGR reaction. , 

i i 

* I 

» «0» 

t V 

The term "derivative" In this context means that the sequences of these molecules differ from the 

> . * 

sequences of the nudelo acid molecules described above 4 one or several positions but have a high 
level of homology to these sequences. Homology hereby means a sequence identity of at least 40 %, 

* .1 

in particular an identity of at least 60 %. preferably of more than 80 % and particularly preferred of 
more than 90 %. These proteins encoded by the nucleic acid molecules have a sequence Identity to 
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the amino acid sequence depicted in Fig. 2 of at least 80 %, preferably of 85 % and particularly 
preferred of more than 90 %, 95 %, 97 ,% and 99 %. Thel'deviatlons to the above-described nucleic 

i 

acid molecules may have been produced by deletion, substitution, insertion or recombination. 

* i i 

The nucleic acid molecules that are homologous to the above-described molecules and that represent 

derivatives of these molecules usually are variations of these molecules that represent modifications 

i 
i 

having the same biological function. [They can be naturally occurring variations, for example 

t r" 

! 

sequences from other organisms, or mutations that can either occur naturally or that have been 
introduced by specific mutagenesis, furthermore, the Variations can be synthetically produced 

sequences, The allelic variants can be either naturally occurring variants or synthetically produced 

i 

variants or variants produced by recombinant DNA processes. 

f *.* 
"r 

Generally, by means of conventional! molecular biological processes it is possible (see, e.g., 
Sambrook et al., 1989, Molecular Cloqing, A Laboratory; Manual, 2* edition Cold Spring Harbor 

: m 
*. '.*. 

Laboratory Press, Cold Spring Harbor,! NY) to Introduce different mutations into the nucleic acid 
molecules of the invention. 

i \ 

For the manipulation in prokaryotic cells by means of genetic engineering the nucleic acid molecules 

■ 

of the invention or parts of these molecules can be introduced into plasmids allowing a mutagenesis 
or a modification of the sequence by recombination of DNA sequences. By means of conventional 
methods (cf. Sambrook et al, 1989, Molecular Cloning: A Laboratory Manual, 2 nd edition, Cold Spring 
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Harbor Laboratory Press, NY, USA) bases can be exchanged and natural or synthetic sequences can 

t *: 

be added. In order to link the DNA fragments with each other adapters or linkers can be added to the 
fragments. Furthermore, manipulations can be performed that provide suitable cleavage sites or that 
remove superfluous DNA or cleavage sites, preferably removal of the secretion signal. If insertions, 

i 

deletions or substitutions are possible, ih vitro mutagenesis, primer repair, restriction or ligation can 
be performed, As analysis method usually sequence :-analysIs, restriction analysis and other 

biochemical or molecular biological methods are used. ; 

! V 
t 

; 

The proteins encoded by the various variants of the nucleic acid molecules of the invention show 

; • 

; <5 

certain common characteristics, such asi enzyme activity, molecular weight, Immunological reactivity 
or conformation or physical properties like the efectrophobtlcal mobility, chromatographic behavior, 

sedimentation coefficients, solubility, spectroscopic properties, stability; pH optimum, temperature 

I - : 
optimum. | 

r 

The invention furthermore relates to vectors containing the nucleic add molecules of the Invention. 

« ■? 

Preferably, they are plasmids, cosmids, viruses, bacteriophages and othervectors usually used In the 

.i 

field of genetic engineering. Vectors suitable for use in the present invention include, but are not 

j 

limited to the T7-based expression vector for expression In bacteria, the pMSXND expression vector 

for expression in mammalian cells and' bacutovirus-derived vectors lor expression in insect cells. 

; 

Preferably, the nucleic acid molecule of (he Invention is opjsratively linked to the regulatory elements 
In the recombinant vector of the invention that guarantee .the transcription and synthesis of an RNA 
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in prokaryotic and/or eukaryotic cells, that can be translated. The nucleotide sequence to be 
transcribed can be operably linked to a.'pramotor like a T?, metallothlonein I or polyhedrin promoter. 

i 

z ^ 

I • 

! 
I 

* t 

In a further embodiment, the present Invention relates to "recombinant host cells transiently or stably 
containing the nucleic acid molecules or vectors of the invention, A host cell is understood to be an 

; t 

organism that is capable to take up in vitro recombinant DNA and, if the case may be, to synthesize 
the proteins encoded by the nucleic acid molecules ofvthe invention. Preferably, these cells are 

t * 

r 

prokaryotic or eukaryotic cells, for example mammalian ceils, bacterial cells, insect cells or yeast cells. 

! 

The host cells of the invention are preferably characterized by the fact that the introduced nucleic add 

' V 

» f« 

molecule of the invention either Is heterologous with regard.to the transformed cell, i.e. that it does not 

naturally occur in these cells, or Is localized at a placerin the genome different from that of the 

j * 
corresponding naturally occurring sequence. 

i *>t 

i 

A further embodiment of the invention relates to Isolated proteins exhibiting biological properties of the 

i 

of cyplasin and being encoded by the nucleic acid molecules of the Invention, as well as to methods 

* . . 

for their production, whereby, e.g. a host cell of the invention Is cultivated under conditions allowing 

I i 

the synthesis of the protein and the protein is subsequently isolated ffcm the cultivated cells and/or 
the culture medium. Isolation and purification of the recombinantly produced proteins may be carried 
out by conventional means including preparative chromatography and affinity and immunological 

* 

separations involving affinity chromatography with monoclonal or polyclonal antibodies. 
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As used herein, the term "isolated protein" includes proteins substantially free of other proteins, 

t 
I 

nucleic acids, lipids, carbohydrates or other materials with which it is naturally associated. Such 

proteins however not only comprise recombinant produced proteins but include isolated natural!/ 

i 

occurring proteins, synthetically produced; proteins, or proteins produced by a combination of these 
methods. Means for preparing such proteins are wed understood in the art. The proteins of the 

invention are preferably in a substantially purified form. ; 

? .* 

Molecular Cloning of CyptasTn-Ehcodtog cDNA 

cDNA prepare* from total RNA o! ihe albumen gland of 
A punctata com prises more than on* transcript encoding the £ 
peptide SGDYILIASYAD. Two cDNA were cloned encoding i 
proteins, which diverge signifies n fly in their carboxy - terminal 
escUons but which comprise the target sequence (Figured). * 
One Of these cDNA encodes a protein of 558 aa residues 
With ft molecular mass of 62.4 kDa (larmedioypIasIn-L). 
whereas another cDNA reflects* a transcript encoding a 
shorter protein (421 aa residues, molecular mass 46.9 kDa. * 
termed cyplasin.S). Moreover. PCR on totai cDNA with v 
cyplasln*L-3pecific? primer paire results in PNA fragments 
whose eequencee diverge from those encoding cyplaeln-L 
and cyplasln *S , respectively. Accordingly, mRhl A appear to ; >* 
exist, whloh are neither Identical wWi cyplasta-L nor with 1 
cyplaein-S. These sequence microheterogeneities suggest *- 
that Am punctata produces an unknown number oi very 
similar, but not 100%, identical proteins that j&omprise ihe 7 
target sequence. On the basis of the available data, It 
cannot be decided whether these different; mRNA and ; 
proteins derive trom one single gene, e.g.. by alternative 
splicing In combination wrtfi RNA editing, or whether there 
exists a cluster of very similar, but not 100%, identical 
genes. £ 

1 

Sequence Ghamcteristlos of ihe Proteins Cyptasin^L and \ 
Cyplastn-S Encoded by the Cloned cDNA 

Biochemical data suggest [not shown ) thar the naturally ? 
occurring cyplasin is a glycoprotein. The cyplaein-L cDNA* 
derived amino acid sequence comprises five Asn-linked 
(N-X-S or N-X-T) giycoeylation eitee at positions N-151 , X 
N-271, *M01, N »416. and N-422 that la in agreement with v 
the biochemical data. The glycosylate sites 1 lo 4 are 

unchanged in the polypeptide derived from the eyplasln-6 fc 

** 
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I 

• 4 

• I 

cDNA, whereas the position N -422 is m/ssfog In the shorter 
sequence. 

The N -termini siact with a hydrophobic secretory signal 
sequence of high probability and a preditted cleavage site 
between aa residues 52 {Ser) and 53 (?Ua), Accordingly, 
the molecular masses of the mature and' expected!/ func- 
tional proteins amount 10 57.2 and 4T.6;kDa, respectively. 
The calculated Isoelectric points pf these mature proteins are 
5.54 (charge -13} rofcypIasin.L and 6.20 (charge -5t) for 
Cyptasm-S, | *- 

Database searches with the nucleotide sequence 
released similarities with two other Afilysla sequences, 
namely A. ftoroda! albumen gland mRNA for aplyefanfn-A 
precursor (70.9% identities. D83255 >[12]) t and Ac 
fullca Ferussao mRNA for achacin (52.2% identities, 
X645B4 [7]). *; 

Database searches with cyplasfa- 1 subsequences 
released the amino acid sequences or the Ap(y$fa species 
mentioned above and ;a number of protein sequences with 
longer strings of local identities or homologies., ah the tatter 
sequences belong to :the class of monoamine oxidases. 
Table 1 chows alignments of one prominent cyplasm 
pept/oe string with subsequences of eufcaryotfc and 
prokaryotlc monoamine oxidases. The significance of this 
finding remains lo be elucidated; however/il is of Interest to 
note thai database searches with this ancjf other cyplasfjv 
typical strings released no significant hits with prolflrns from 
other classes. ; 

Expression of Biologically In&CliVe Recombinants in E. call 
Recombinant expression of cyplasfrwen coding cDNA 
sequences In the pt^6f£f. colt- M13 system results in 
polypeptides, which are completely insojubfe In buffers 
contalnfilg no detargenie, and suspensions of such recorn* 
blnanlly expressed polypeptides could no£ exert any cylo* 

t 

T&btfi 1,OatabasB Saarchaa wah the pCyptoski-ficrireif Amino AoW 
Sequence ReiuDed In a Number of Kits wllh S^qtrencas Railecll/jg 
Monoamine Oxidase*. ? 
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r. 

Especially x motif batwean aa-pDjlLfons 62 and 7$ H trfcquenlly dslaclsd: A 
seteeilon o! aligned sBbEBquacoea is displayed to lf>e tiabto bct&i*. 
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toxic effect when Incubated together with cultured cells (not 
shown) . This missing cytotoxic activity Is suggestively due to 
incorrect folding and/or the absence oi pDsKranslatiortal 
modifications of the polypeptides expressed in the £ oW 
system. j 

* • 
Generation of Bioacuve Recombinants in Mammalian Geifte 

In contrast, mammalian cells, e.g„ HeLi S3 suspension 
ceils, produce a cytotoxic factor when transacted with 
CMV vector-driven expression constructs specifying either 
cyplasin -L or EGFP- lagged cyplasin-L. Tills factor is not 
detectable in cultures of nontransfsoted calls nor In 
cultures transfected with constructs expressing the cypla- 
sin -s version. The prpduotion ©1 the cytotoxic faotor is 
obvious because all cells of factor-producing cultures 
finally die in the typfdat manner that Is Observed when 
mammalian cells are treated with genuine cyplasin isolated 
from the mucus of A. /ptfTOfaftl. Because only a fraction of 
ceils in such cultural Is fransfected, it follows that fine 
cytotoxic factor muet be released from the producer ceils 
with the consequence of ceil death oj producer and 
nonprodueer cells. The release of the cytotoxic factor is 
well In agreement with the predicted secretary signal at the 
amino terminus of the cDNA- derived amino aoid sequence 
(Figure 2). s ; 

Although this eeif-cjeslrtfctlng system not suitable to 
produce significant amounts of biologically aolive recombi- 
nants, it reveals the validity of the oDNA cloning approach 
and it Indicates that the' factor encoded by the cDN A with the 
longer Insert shows th6 cyplasin-typfcal characteristics. 

Recombinant Expression ofBio&ctfre Cy$a$tn-L and 
Cyplastn-L to EGFP tn Insect Cells \ 

Insect cells (e.g., SF9) are known to be able to perform 
postradiational modifications similar to rtiammatian cells. 
Because SF9 cells proved to be much -lees sensitive to 
genuine cypiaain preparations (not shown), they ate 
especially suited lo generate recombinant cyplasin In 
sufncienl amounts f or j biological testa. Trknsfectlon of 8F9 
ceils with ptZ vectdr«drtven constructs} specifying the 
expression of cyplasin »L or of egfP 'tagged cyplasin -L 
could not influence pie proliferation rtte of SFB cells. 
Moreover, the medium of SF9 ceils transfected with the 
construct specifying that cyplasin -L corttatned significant 
cyloloxic activity for mammalian cell culuAss, which shows 
that the secretory signal of cyplaaln-l is also functioning In 
insect ceils. . 

In contrast, no cytotoxic factor was released from SF9 
cells transfected with the construct specifying EQFP -tagged 
eyplastn*L. The cyplasin -L-EGFP fusion protein fa clearly 
expressed in SF9 cells, as shown by £GFP*dependent 
fluorescence (Figure 3), but no significant amounts of the 
cytotoxic factor can be detected in fhe^epent medium of 
spinner cultures. Interestingly, the western biot shown in 
Figure 4 points to the deletion of the elgnal sequence in the 
cyplasin -U section of the fusion protein, "fhls cleavage must 
occur in such a way that the truncated fusion protein remains 
cytosolic. Alternatively, retrograde translocation from the EB 
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to the cytoBo! tias loffre aesuVned> Such' retrograde trans- 
locations have already been obaerved ; -fn other systems 
before [13- Iff]. \ 

However, the cytotoxic activity of the recombfnantfy 
expressed trunoated cypIasfn-L is maintained whan fused 
to EGFP. The high-speed supernatant 1 of homogenized 
cyplasln-L-EGFP-stfpressIng SFa cells was found lo 
contain the factor that Is cytotoxic to cultured mammd&an 
Cells, Consequently, sfably tranerscted cyp/asln »L-E(3FP - 
expressing 3F9 cell lines wars gener€ied*6y fluorescence - 
activated cell sorting,' and fractions of jhe high-speed 
supernatant* of such fculturas contained -the cyplasln -L- 
EGFP fusion protein ( figure 4) and exhibited the biological 
ecilvltlee shown En Figure 5, * 

i 

Characteristic Featured of CypFastn-Dependent Cytotoxicity 
Proliferating mammalian- cells exhibit characteristic lima- 
and concentration-dependent morphological changes whien 
treated with the biochemically Isolated genuine cyplasln from 

Ih e m ucU9 of A punctata ( Fig u rs 5 ) , The cytotoxic affects of 
the senufne eyplasfn become visible, e*g»* fn PlK cells, in (ess 
ihan 1 hour a) 50 nM. For this call line, (he minimum cytotoxic 
cyplasln concentration is in ihe order of 2 AM: however, at 
(his concentration, the cytotoxic effects appear foremost 
after 24 hours. Once ; Induced, the cyplasln effect is 
irreversible and cell death is observed even If cyplasirr- 
eoniainfog medium is replaced by fresh medium. Other 
cultured mammalian cells show lower (human akin fibre* 
biaats r HSF] or even higher sensitivity (hurrian melanoma 
ceOs, gHa cells) (Figure 6). V 

* 

The morphology of eyplasfn -induced cell death Is 
specific. The cells detach from Ihe substratum, they shrink 
and disjoin from each otlxer If grown as monolayer Or In 
clusters, and occasionally they exhibit mirrjerous small 
plasma vacuoles. Morphological changes of this type can 
also be observed In cells undergoing apoptotfc ceil death: 
however, typical Indfcalorsfor upoptosfa Including nuclear 
fragmentation 'end exposure of phosphatidylserine on the 
outer membrane are missing (Figure 7). Simile/ ^forme of cell 
death have been described by Sperandio el |f. [17] and 
were termed parabiosis. 

Cyplasln exerts its cytotoxic effects onty.;on cells m 
Interphase, Mitotic ceOs are still able to eoijipteie ana- 
phase and cytokinesis at !a Uma when most interphase 
. cells in the seme culture already show the cyplasln-typical 
Changs in morphology (figure «>. Howave,f. following 
completion of mitosis, these cells also die when reentering 
the interphase. Neither cell permeability nor the micro- 
lubular cyioskeiston nor IntraoeDular Ca z * {levels are 
affected by cyplaain (not shown). Aciin fibers, on the 
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other hand, react very sensitively to cyplasln. First signs of 
depolymerifcatian appear already after 10 minutes: moat of 
the actln eytoskeieton has disappeared after 30 minutes 
(Figure 9b) wQh few iangles of fibrous aclin remaining 
around the nucleus (cf. Figure 9c). After a longer 
incubation of these cells with cyplasln, no more fibrous 
BcUn is found in the cytoplasm, with the exception o( the 
conical area (Figure 9et — f, mows). 

Evaluation of 1/19 Btoactfye Recombinant 
QrpIaaln~L-EGFP ! 

A thorough side-by -side comparison of the biochemically 
isolated genuine cyplasin and the recombinant cyplasln -L- 
E6FP version meets the problem that the recombinant Is, 01 
present, only available on the level of enrjched extracts. 
Although an exact ouentitatfon Is missing, so.<ar. K is evident 
thai the cyplasln-L*EGF> extracted from stably transfectari 
SF9 cells exhibits cytotoxic activity, which Is'very similar to 
that Induced by the biochemloaliy isolated genuine cyplasle. 
Figure 5 presents side by side the effeois ot genuine cyplasfo 
and recombinant cyplasln -L-E6FP on toiir dUferent cdB 
Ones with established .different sensitivities to genuine 
cyplasln. Using constant amounts ot extracts from cypla- 
sln. L-EGFP-expressing 8F8 cells. It Is obtious tha t HSRs 
are relatively Insenslllva to recombinant eyplasm-l-eeFP. 
which holds true also for.the biochemically ^'f 16 * J?«""Jf 
cyplasln. These cells only show a slight miual retraction and a 
weak tendanoy to shrink when treated eHhdr with genmm 
cyplasln (50 nM) orwith the standard extracts, containing iwe 
cyplasln-L-EGFP. Finally, they recover and continue w 
proliferate. Death of HSF cells Is only observed at cyplaBin 
concentrations In the order ol 160 nM. In oontrast wfc 
derived from a biopsy., ol a human me^ema exhtott 
sian«ioanlly higher seiuiuivtty when incubated wllh genuinie 
SSSShO nM) and with the standard extract. ***m 
cells treated either wlih : ihe genuine cyplasln or wflh *e 
recombinant cyplasln -1>EGFP show the lj> Mjgj 
induced reiraotlons. the formation ol vacuoles, and finally cdB 
death. Other panels ot this Hgure show glla oejs from *n 
established cell line derived from rat embryo cortices. These 
oelteeKhlhRfoehigbertoyplasmse^ 
so lar. The typical oyplasin alfect is observed et a 
concentration that Is as=tow as 0 n M . and complete ceU 
death is observed within a 6-hour observation pedod. THe 
cans of Wis kangaroo rat line PtK are irreversibly damaged 
within 24 hours by Incubation with 2 nM genuine icye asln. A 
similar elfeot Is observed after treatment wfth lh» s Undard 
extract. Prominent plasma vaouoCsafon $nd mernbrane 
changes are induced In these cells by genuine cyplasln as 
wen as by recombinant cyplasln -L.-EGFF, « 

summarizing, these results show Ihst.the molecular 
cloning approach released a cDNA encoding a factor 
SSng Atoxic acuity similar to that detected m the 
secreted muoue of A piwtafa, and that the.cytatoxic elfect 
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o! the recombinant protein fe nor obliterated by its fusion lo 
E6FP. ■ > 

Target Site for Cyplasln Action : * 

The exact mechanisms behind the cytotoxic effects of 
cyplasln and recombinant cyplasln are not yet elaborated. 
However, ft is unliKeJy that the cditelake up a protein of this 
size with the consequence of exerting negative Intracellular 
Influence. Long-term observations or cyplasln -treated cells 
indicate that the first signs of cytotoxic action occur at the 
outer cellular membrane, at a time when the internal cell 
morphology shows no anomalies. This observation suggests 
thai cyplasln docking to the 'outer cellular membrane 
represents* the trigger for a still unknown cascade orients 
thai finally leads to cell death. This view Is also in agreement 
with other observations. Mammalian colls IranatecLfcd wBh 
expression constructs specifying cyplasln -I or jEGFP- 
lagged cyptasm-L initially survive and they are able to 
produce the cytotoxic factor. However, thay begin tc^ exhibit 
the changed morphology as soon as the cytotoxic factor 
becomes detectable In the spent' medium. This suggests that 
extracellular cyptasin is cytotoxic, whereas Intracellular 
cyplasln is rather nontoxic. ; j 

Such a hypothesis was confirmed recently when, after 
removal ol the secretion signal in the cyplasln sequence* 
mammalian cells were transfected with the modified con- 
struct These ceils expressed . cyplasln, but continued to 
proliferate. Only upon hemo^enfeatlon and subsequent 
purification did the cytotoxicity of cyplasln become anpa rem. 
Wiling now even the producing cells (Peteelt.et ah. 
unpublished). : 

Absence of In Vivo Toxicity of Gypia&o * 

In order to test If cyptasin showed cytotoxic effects also in 
vivo, either genuine or recombinant cyplasln wes^ injected 
Into three groups of mice. Group 1 consisted of 12 DBA2 
mice, which were injected with a high concentration of 
cyplasln Into the tail vein. The Concentration used exceeded 
* by far the concentration found to be toxic in vflna. Never- 
theless, all mice survived, at le;ast up to 4 weeks, the same 
result was obtained when In a;second group 12 DSA2 mice 
were injected subculaneously under identical conditions. 
They survived and no negative effects were found during the 
observation period, Finally, a third group (six ntioe) was 
Iniected into the tall vein using the recombinant; cyplasln, ■ 
Again ail mice survived. ; * 
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The results support previous suggestions pointing to 
cytotoxic substances or high jmoleoular weight 'that are 
produced and secreted by 4P9£fe species [5,6]., Protein 
fractions from (he secreted mucus of A punctata show 
cytotoxic and finally kflffng, acthHty when added to ceils thai 
grow Independently of proIIfefatlon-coniroUIng aciMtfes, 
e.g M in culture. One of these; factors has been charac- 
terized on the peptide sequence level and H his been 
termed cyplasin, Interestingly, .cyplasin shows abraded 
cytoxloity on cells In culture.': It is highly cytotoxic to 
established call lines* as shown for the pjfa cell ifte and 
PtK cells, as well as to many primary tumor cells, such as 
the human melanoma tested. HSFa show a significantly 
higher tolerance* because other' turn or cells tested are also 
highly sensitive (not shown), ft appears thai cyplasin is 
especially cytotoxic to established cell lines and to primary 
tumor cells. The different response of primary human 
fibroblasts Is probably dua to , the tact that tties^ cells 
cannot be considered as tumor cells although growing 
autonomously [18]. Accordingly, cyplasin might be'useful 
for the specific elimination of nondestred cells *fn an 
organism, euch ae tumor cells. , 

Such a view Is supported; by preliminary in Wyo 
experiments. In no case wag a toxic effect of the Infected 
cyplasin found when Injected m, norma) mice, eveij whan 
high concentrations of cyplasin wore used. Presently, 
experiments with tumor-beating: animals are In progress 
to increase Information on such preferential tumor cell 
cytotoxicity. ; £ 

The natural source for cyplasin Is limited; hence. Its 
recombinant production appears to be a prerequisite Jor He 
potential application as an anticancer drug, in a first step, we 
searched for a oDNA, which could be considered to encode 
the protein with an apparent molecular mass of 56 KDa, 
which had been Isolated by the bloassay- guided fractiona- 
tion procedure* Using a subsequence of this protein aslprobe 
and conventional PCR and cDNf cloning technique.** we 
found that more than one A punctata transcript comprises 
the subsequence used as specific probe. Two cDNA 
encoding polypeptides with diverging carboxy-termlnKcouId 
be Identified on the sequence level. Moreover; Individual 
CDMA clones showed slightly diverging nucleotide sequen- 
ces when PCR products were cloned, which were prepared 
on the basis of complete A pwwzfatepDNA library template 
and primer pairs fitting the codlfig regions of the cDNA 
Identified In the first step, Acluatly, all Individual clones 
investigated so tar showed sMhtly different nucleotide 
sequences with the consequence of one or more amino acid 
exchanges In the corresponding 'polypeptide. It \$ Highly 
unlikely thai all these transcripts, originate from different 
genes In a punctata. Posuranslational processed like 
alternative splicing, differential polyadenylalion, and ANA 
editing could result In transcript encoding the different 
polypeptides. 

At this stage, It is unknown whether the different 
polypeptides identified at the trdnscripl lave! exhibit all 
. Identical functions, in this situation, it appeared worthwhile 
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•to select only one cDNA epecles (encoding, (he protein 
termed eyplasln -I) and ;to investigate whether this 
sequence could encode a cytologic proiein. Tfie recombi- 
nant, polypeptide produced: In E cp/7 was found lo be 
biologically Inactive. However, eukax'yotic cellg Iransfected 
with constructs expressing this selected cDNA qr this cDNA 
In fusion wftfi the EGFP-encodlng nucleotide sequence 
produced a cytotoxic factor that was not 'present In 
nonlranafecied cells nor !r( cyplaaln.S-trana^cted cells. 
Insect cells (SF9) iransfected with piz-driverj expression 
constructs became especially useful, In this case, stably 
transfectetf cell lines could be established, which permitted 
the preparation of biologically active EG FP- tagged cypU- 
sin-L in quantities sufficient to oompare ihfe biological 
activity of the recombinant protein with the material that can 
be biochemically Isolated from the secreted mucus of A. 
punciaia* The very similar morphological effects achieved 
by the biochemical isolate and by the rScomblnamly 
expressed protein suggest that the selected,! cONA Is a 
valid clone and that It encodes a protein presenting the 
cytotoxic principle of the genuine eyplasln of..A punctata. 
With the availability of bfoaetive recombinant eyplasln. It is 
now possible to evaluate Us potential antitumor therapeutic 
value. ! 4 

Further studies should reveal whether the cloned cDNA 
specifies the only cytotoxic protein among -the sGghiiy 
different transorfpte mentioned above or whether other 
transcripts encode proteins that possess e$jai or even 
greater cytotoxic activity, : \ 
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Biochemical isolation at Cyptestn ^ 

Mucus of albumen glands of the sea hare A. punuum can 
bs obtain ad from animals during the spawning saasomwhen 
they come to (he shore (around April on lie tfYeu ) , By fcentty 
squeezing the animal, the mucus : (approximately 2,5 ml) la 
excreted as purple fluid, forming algel when exposed to &lr. It 
Is immediately diluted (1:1. vol/ vol) wtth phosphate* 
buffered saline (PBS; 150 mM NaCI, 10 mM NaH a p^, pH 
7.2) and placed at 4 U C» After z to 3 hours, the mixture 
becomes completely soluble, This step Is followed by 
cenlrifugatian at 1O t 000xjg, 15 mmuiee % 4°C f to remove 
debris. The supernatant can be frozen and kept at ^60°C 
without lose of activity. For further purification, the mucus Is 
dialysad against 1000 vol of: 50 mM MOPS, ) mM 
dithtoerythreaol. 0.S mM EDTA, 5 mM KGl. pH 7.2 for 
24 hours at 4°C. Protein fractiuhs containing (he cytotoxic 
activity were isolated by fractionated precipitation with 
ammonium sulphate. Cytotoxic; activity was detected in 
precipitates collected between 93%/5Q% (pellet \) and 
50%/66% (peDei Z) saturation; respectively. Most of the 
cytotoxic activUifls were usually found in pellet 1. For 
cytotoxtctty tests, pellets were dissolved In 300 /J of PBS, 
tiialysed against the buffer described above. The mo^t active 
fractions comprised protein (s) migrating as an essentially 
stngla band on a sodium dodecyl sulfate polyacrylafhtde gel 
electrophoresis (SDS-PAGE) gel (Figure 1 ). / 

Identification of the SGDYIUA&YAD Peptide in ffte F/aefton 
ctCytoiOXlc Pwtekt(s) 

Material used for the microjsequenolng procedure was 
further puriRed by gel fiitratforj (Q-200 column; \Slgma- 
Atdrteh. Taufklrchen, Germany) In a buffer comprising 
60 mM MOPS, 1 mM dithtoerytbreitol, 0.5 mM EDTA, 5 mM 
KGl. at pH 7.2. The dtajyzed'artd fyophillzed efflux was 
submitted to SDS-PAGH and blotted to a PVDP membrane 
(ProioBlOt: Applied Biosyetems). Sections containing the 
region of intereel ware analysed by mlcrosequsnclng 
procedures performed by wita (Berlin, Germany)': 

! 

. «- 

Cytotoxicity Test ; * 

Ailquois from each pellet* dissolved tn aoo jd of PBS. 
were tested for their toxic effects on autonomously growing 
cells. The term "autonomously growing calls" is used for all 
cells oapable of proliferating 7n vitro, in contrast to cells 
proliferating within an organism. Routine tests were per- 
formed using the kangaroo rat call line PtK2 and the human 
cell line HeLa. 4x10* cells were seeded In 24-well plates 
containing 500 §A of medium per well resulting in about 50% 
oonfluency after 24 hours. At this time, undiluted aliquot* of 
the redissotved peltet(s) (5 tfj were added and cell cultures 
in parallel welfe were supplemented with ailquois <(5 /d) of 
serial dilutions. j 

Characterization of Cell Death induced by Genuine Cypiasin 
Morphological alterations of cells undergoing £yptasin- 
Induced death were recorded by light microscopy* In 
addition, permeability changes of the plasma membranes 
were investigated by Incubating the cypiasin -treated cells 
with the nonmembrane pe/meant compound-' H33257 » 
(Sigma- Atdflch), 0.5 /Ag/ml f !or propldlum iodide (Boeh- 
ringer Ingeiheim, Germany) , \ /ig/ml. Staining of Ouclei was 
considered as Indioallon for pathologioal permeability 
changes associated with necrosis or the final; stages of 
, jpf»n»«c| c Por 0 »»{« v^gateellon ol the aotln cyloskeleton, 
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tfmes Indicated, washed In prewar/ned PBS, and flxed In 
ice-cold elhanol at -1B a C for 10 minutes on Ice, After 
several washes with PfiS t cells were treated for 10 minutes 
fn 0.6% bovine serum albumin (BGA) irt order lo reduce 
unspecffic staining and Incubated fn FITC-phaUoldfn 
(Molecular ProbBs. Leiden, the Netherlands), diluted 1:300 
In 0,5% BSA/PBS, for45 minutes aUOQmtemperature.The 
unbound phafloldin was removed by. several washes with 
P65 and the ceils were viewed in a fluorescence microscope 
using the . appropriate fitters (ZEISS Axiovert 405). To 
differentiate the apopfotfo form of death, cyplasin-trealed 
cells were incubated fn 5 nfl/ml FITClabefed Aftnexm V 
{Boehrtoger ingelnelm^ for 20 mfnuies In £a** -containing 
buffer and the presence of a potential phosphatidyl serine- 
Arwexln complex was evaluated by fluorescence microscopy 
using appropriate filters [6]* For control, apoptosfs was 
induced fn ceils by Incubation with 0.3 ^/mf staurosporfna 
far 3 hours. This treatment induced a dear translocation of 
phcsphatidylserine to the outer face of plasma mem- 
brane, thus becoming accessible to the Fit C-Annexln [9]; 
the concentration of staurosporine, however, wassufllcieritly 
low to prevent the parallel staining of cell nuclei wsth 
propidium iodide. 

! * 
A punctata cDNA ; .* 

1 Total RNA was Isolated from albumen glands of the sea 
hare A. punctata by means of the Qlagen RNA isolation kit. 
The Clonlech SMART (I polymerase chain^reacllon {PCR> 
cDNA synthesis Kit (K1052-1) was used uv convert 100 ng 
amounts of total RNA into cDNA. First strand synthesis was 
primed W)lh the modified olIgo-dT included in the kit and 
primer extension was 'performed with the. recommended 
BNasa H~ point mutant reverse transcriptase (Superscript 
II; Gibco BRL). The SMART II oligo inducing the template 
switch at 8' ende was (ncluded In the first 'strand reaction. 
These reactions and PGR amplifications of first strand cDNA 
by means of the modmed oligo (dT) and SMART II primers 
were performed according to the Instruction^ of the producer 
of the tt. "» > 

.T 

Molecular Cloning of cDNA Encoding Proteins comprising 
the peptide &GDYIUA6YAD 

AmpHIJed cDNA was used as a template and PC'fl 
reactions were primed With combinations of specific primers 
corresponding to the search sequence and Jyilh nonspecific 
primers, e.g., modiited oligo -dT and SMART II, respectively. 
Amplification products! was recloned in \a paiuescripl- 
derived T-overhang vector and sequenced. The vandlty of 
these sequences was verified by PCR reactions primed wilh 
oligo deoxynucleotides corresponding Ao sequences 
upstream and downstream of the specific SGDYILIA* 
5YAD-encodlng primer. These probe -Independent prod- 
ucts contained the nucleotide sequence.' encoding the 
peptide SGDYlLIASYAp. Sequences found upstream of 
S6DYIUASYAD- encoding sequence were unique, except 
tor several base exchanges discussed fa the text, fn 
contrast, (wo d' end sequences differing In length could tm 
delected (LandS). 

I * 
i 
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Fusion and Expression constructs 

The protein-coding sections were PCR-ampIBIed' with 
primers placing suitable restriction sites ip the 5 e and 3' ends 
of the amplification products. FoIIowJng*digestion wilh the 
corresponding restriction endonucfeases£tha produce 'were 
either directly cloned Into the expression veciors pcDNAs 
(InvRrogen, Qrooingen, the Netherlands; for expression 
In mammalian oellsji, pQESO (Qiagen;.for expression ?n 
E. ccfi), piZ/VS-Hfa! (Invitrogen; for expression In insect 
Cells), or fused With the EGFP-encodlng^DNA (Cbntech)^ 
prepared tn the XhdtlNotL sites of the pBluescripl vedor* 
Excision of the EGfP -tagged fragments, and recloning in 
appropriate sites of the poDNA3 vactor or the plZ/V5-Hl$ 
vector resulted in the corresponding* cyplasln-SGFP 
expression constructs suitable for expression of fluorae- 
cently labeled fusion proteins in mammalian and Insect dells, 
respectively. 'J 

Tianst&Glions art d Recombinant Protein Expression 

£ COS M15 cells Vere transformed .with the pOE3D 
plasm Ids containing .the cypiasfn-L- ajid cyplastn-S- 
encoding inserts In frame with the His lag of the vector. 
The expressed His -tagged proteins were Isolated by means 
of Nf-NTA agarose according to the protocol supplied by 
Qlagen. 5 > 

Mammalian cells were transfected with Ihe pcDNA3 
pfasmids containing either EGFP«tagge9 or nomagged 
cyplasin-L- and cyp!as?n-S-encodlng Inserts by means 
of the Effeeiene transf action kit (Qlagen) /Cells transfected 
with constructs containing tne Insert encoding cyptasfn-L- 
66FP or cyplasin-L^EGFP could not^ survive longer 
periods* However, supernatant* of such cultures contained 
the cytotoxic factor described in the text K 

SF9 cells ware transfected wilh the p!Z/V5-Hfe plasmlds 
containing either EGFP -tagged or nontagged cypIasin*L«* 
encoding Inserts using, fn addition, the Effectene trans- 
fedlon kit (Qlagen). ,fn contrast lo mammalian cells, 
transfected insect cells, survived. Expression was followed 
either by fluorescence, microscopy of living cells or by 
testing of cytosolic extracts for ihe presence of a cytotoxic 
factor. i 

Stab^Transtecl^SF^CeUstorLA^9'ScalePeoduclhn of 
Cyplasto-L-EGFP : •? 

6F9 ceils transfected with the pfasmfd plZ/V5-Hfe- 
cyplasln-L-EQFP were grown for 3 months as semi- 
attached cells al 2B n C In TNM-FH Insect medium MppJi- 
cham, Darmstadt, Germany) supplements 4 wflh 10% fetal 
calf serum. 5 mM Qlutamax (Lire Technologies. Karlsruhe, 
Germany), and 100 /ig/ml zeoeln (tavitrogen). The cell 
cultures were diluted 1|3 at 4-day Intervals, The original 
translation efficiency was approximately 10%; after a 
3-moniri period, B% of the ceils remained lluorescenL The 
latter fraction wa$ considered to be siabty transfected. Cells 
of this fraction were separated by means of a fluorescence* 
activated cell sorter (Becton -Dickinson).* Following a 
second sorting performed after 4 weeks, the resulting culture 
could be grown in spinner cultures up to several Hires and 
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more lhan 00% of these cells expressed cyplasin-L-EGFP 
fusion protein. j 

« 

Recovery of ffie Gyto(oriG Factor from SF9 Cfe/Zs Stably 
Expressing Cyplas1n~L r EGFP 

The EGFP -lagged byplaeln-l is not secreted Into the 
medium Of SF9, Routinely, 1 lo 2x10* stably ' tranefetfed SF0 
cell? were washed by suspension and cantrffugatfen 
(1000x0, 3 mlnules),.once In PBS, and wee in 50 mM 
MES. 1 mM EDTA, S mM, KCI a 0.1% meKfaptoethanol. pH 
6.0. They were homogenized In 5 ml of the latter buffer. 
Homogenizalion and nil subsequent steps Were performed at 
4*C. A protease Inhibitor cocktail (Roche Diagnostics, 
Mannheim, Germany) was pre eent throughout the purifica- 
tion procedure. Thfc homogenale was cenlrlfuged 
(lOO.OOOx^, 60 minutes), and the supernatant was applied 
lo b DEAE Cellulose column (DE52j Sigfna-Afdrich) that 
had been equilibrated with the bulfer described above. The 
column was washed extensively wlih the* buffer used lor 
equilibration followed by application of a NejlCI gradient (0 to 
200 mM). Eluted fractions were tested for .the presence of 
the cytotoxic factor by addition of 100 /il of eaob fraction to 
indicator ceils (PtK) gjowlng In 500 /4 of CMlture medium. If 
present, cytotoxic effects were observed alter about 5 hours. 
Factor- containing fractions were eluted between 60 and'BO 
mM NaCl. Fractions wtih these characteristics were consid- 
ered as "standard" extracts, and used tot other biological « 
tests. 

: h 
Identification of Cypta$tn-L~E6FP hi Qrf atoxfc Fxtrads 
Isolated from Stably Ttansfected $F9 Cells 

Proietn fractions isolated as described above and 
exhibiting cytotoxic activity were concentrated and sepa- 
rated by 12.5% SDS-riAGE. Two Identical samples (Includ- 
ing a protein standard) were separated on the same get. 
One section of the gel was stained uslmja Bilver-stafrilng 
procedures the other section was electroblotted (semidry 
blotting apparatus; Bjometta, Goitlngen,' Germany) to a 
pvdF transfer membrane (Westran. Sohteloher, and 
Schuell, Oassei, Germany). Buffer composition was 3.03 g 
or boric acid. 200 ml of methanol, 600 ml of H 2 o l pH 9.0. 
Following blocking with BLOTTO [10], the membrane was 
incubated lor 3 hours 126*0) with anii-GFP antibody 
(ABC AM, Cambridge; UK) diluted 1:2000 In PBS, pH 7*2, 
containing 0.1% BSA. After prolonged" rinsing in PBS, 
immunodetection was performed by means of an alKftllne 
phosphalase-coupled goat-antlrebbit anybody (Dlanova, 
Hamburg. Germany) ,.whlch was applied fora hours at26°C, 
diluted 1 J12000 PBS. pH 7.2, containing 0.1 % BSA. Thsiblot 
was rinsed In PBS and placed into the: staining solution 
consisting of 100 mM TRIS. 5 mM MgClJ, 0.3 mg/ml nitro 
blue letrazoKum, 0.15 mg/ml 5-brortlO'4^ch!ora-3-lndk>Iyl- 
phospete, pH 0.5. 

Animal Experiments . 

DBA2 mice were injected with 300 pf (10 \M ) of genuine 
cyplastn, either in the ; tail yeiq_ (group 1)jpr suboutaneously 
( group 2 ) . CypiasTn had been dialysed before against a targe 
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volume of PBS for 24 hours al 4 W C and tested for positive 
cytotoxicity immediately before Injection by Incubating PtK 
cells wHh 10 nM ooplasm. Recombinant cyplaaln wtas also 
dfalysed agaFnal PBS, tested for positive cytotoxicity before 
Injection, and 300 #1 was Injected Into the tall vein. Mice were 
maintained under standard condition^ and observed lor 
4 weeks. : \ 

K. 

t 

CtherMethode .} 

Database searches and sequence/analyses weirs per- 
formed by meane Of the HUSAR program package (DKFZ) 
that le a collection pf sequence analysis tools based on ine 
GOG program package developed ;by GCG. Ror the 
Identification of die secretory signal sequence, we applied 
the McGeoch scan program fll). DNA sequencing waff 
performed by A. HunzOcer (Germaii Cancer Research 
Center) ay means of an automatic Drty sequencer, model 
373A {Applied Bfosystems). '* 
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Claims; 



1. An Isolated nucleic acid molecule encoding the protein cyplasin or a protein exhibiting biological 
properties of cyplasin selected from the group consisting of 

(a) a nucleic acid molecule encoding a protein that comprises the amino aeid sequence depicted In Fig. 
2; | 

(b) a nucleic acid motecule which hybridizes to a nucleic add molecule specified in (a); 

(c) a nucleic acid molecule the nucleic acid sequence of which deviates from the uoleic sequences 
specified in (a) and (b) due to the degeneration of the genetic code; and 

« 

(d) a nucleic acid molecule, which represents' a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (c). ; 

! ! • 

1 

2. A recombinant vector containing a nuoleicj acid molecule ofclalm 1 . 

i 

4 

« 
i 

; 

3. The recombinant vector of claim 2 wherein!the nucleic acid molecule Is operatively linked to regulatory 
elements allowing transcription and synthesis:of a translatable RNA in prokaryotic andfor eukaiyotlc host 

cells. ; t 

* i* 

• i 

i + 

4. A recombinant host celi which contains the recombinant vector of claim 3. 

; }; 

1 

*• 

5. The recombinant host cell of claim 4, which is a mammallafi cell, a bacterial cell, an insect cell or a 

I '} 
yeast cell : 
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6. An isolated protein exhibiting biological properties of cyplasln encoded by a nucleic acid molecule of 

; $ 

claim 1. 



7. An isolated protein exhibiting the biological properties of cysplasin wherein the normally occurring 
secretion sequence has been removed. [ f ; 

; k 

; * 

IT 

8. A recombinant host cell that expresses the isolated protein of claim 6 or 7. 

I 

„•»*. 

i * 

9. A method of making an isolated protein exhibiting biological properties of cypiasin comprising: 

(a) culturing the recombinant host cell of claim 6 under conditions such that said protein is 

• ■» 

expressed; and * 

i 

(b) recovering said protein. j 



10. The protein produced by the method of claim 9. 



11. A pharmaceutical composition comprising the protein of claim 6 or 7. 



12. Use of the protein of claim 6 or 7 for preparing a pharmaceutical composition for treating cancer. 
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Abstract * . 

A 55-kDa protein Isolated from the mucgs of the 
European sea hare Aplysla punctata shows a prefer* 
ential toxicity to autonomous!/ growing transformed 
mammalian cells. Cell death induced by this protein 
differs from both apoptosls and necrosis. The cytotoxic 
effects are irreversible end become apparent at nano- 
molar concentrations in a cell type-dependent manner. 
In contrast, injection of mteroroolar concentrations Into 
mice is tolerated without apparent negative consequen- 
ces. Mlcrosequenclng of the 5G-kDa protein 'released a 
peptide sequence Whose corresponding nucleotide 
sequence was used ss probe to screen A} punctata 
RN A -based cDNA and to select cDNA clones encoding 
polypeptides comprising the target peptide, fpno closely 
related cDNA were detected. The cDNA encoding a 
polypeptide 588 aa In length was considers* Jo reflect a 
bona ffde clone encoding the cytotoxic protein. Its 
proteln-COding section web recloned in vectors suitable 
for expression In Escherichia ccU f (n mammalian celts, 
and In Insect cells, respectively. The El co/7-expressed 
polypeptide was biologically inactive, Tmn elected mam- 
malian cells expressed t cytotoxic factor; and died 
thereof as M treated with the genuine cytotoxic protein. 
In contrast, transfected Insect ceils, which proved to be 
much less sensitive when treated with thjp genuine 
protein, expressed the cytotoxic factor and continued to 
. proliferate, allowing to establish stable Insect cell lines 
expressing sufficient amounts of the cytotoxic factor for 
further characterization. 
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Figure 1 V SOS-FAGGofcypla&n isofaiBdby&bkmtty^teafrtCltor&lion 
of pre se&tted mucus of /I punctata. The tigwt shows a 12% sus 
pofanyfanimgBibiidBdw&i tfia mostiotoe faction (fano cyplastn). 7h9 

Law Mis haded with murker enxefts* 



1 



> 



'7/01 2002 21:07 FAX +49 89 43778899 HUBER & SCHUESSMiR PAT -* EPA ©033 



! 

2/7 



1 10 20 £ 30 40 

+ + + • • + + . 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 f 1 1 1 II 1 f I i 1 1 1 1 1 1 1 1 1 i 

MAVRFLAPGljI.TI^TLVflGRTVCESKBECDAAQCDKTLDV S 
AlVGAQAACAYSAYLLRWKGQNIGVFEFCCRVGORXiFTYQ L 

llllllllllllMllllllllllljlllillllliilll 

AIVCAGAAQAYSAYLIiKNKGQNIGVPEFCDRVGGRLPTyQ S 

liiifiiiiiiijiiiiiiiiiiiiiiiiiiiiiiiiiii 

LPOTPPVQlcBLGGMRYITCAKHLLEgmQWLTPVVFriS £ 
OPOKtGRTRYYLRGQSLTrQEVMGOVPYNLTVABKQNQD I* 

1 1 1 1 ! 1 1 1 1 ^ 1 ^ 1 1 1 1 ■ f 1 1 1 * 1 1 1 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 

CFG J^GRTRY YpaGQSIVryQEALTGDVPYNLTPVAKKQNQD S 
N IF AF YIJCELTaFDVGDGPV TREQL LXLRVS DGKI/LY QLT L 

EILIIIIIIllIlllIlIIlIIIIIIIIt^llll'lIIII 

NIFAFYLKELTRFOVGDGPVTREULtiKLRASDORPLyQLT 9 
. FOSMjWVASPEGKJSPARDIHVFOTfeVSDDANAVSVFDnH * 

] 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 > 1 1 1 1 M II II 1 1 1 1 

FUEALDtVASPESKEFATOJHVPTOEVSDDANAVSvrDDH S 
LOSDCVGEBIKTVQEGHQXVPEQLbftAFGMSSVPGHKVFT L 

||||)lll|]tlllllIIIIIIIMIIlNIIIIIIII[| 

LGEDQVGEEIHTVQEGMQKVPEQPLRA?GNSSVFGHRV?T S 

1 1 1 1 1 1 1 1 * 1 1 M 1 1 1 - II I * 1 1 1 Ml I HI 1 1 1 1 1 1 1 1 1 . 

HLOLKAIRAItBDKSHVPYFRPTSTVDOKTOILKFEPLOKV S 

(A) • _J 

CTRQl ILA|>PVPAlLHQVDWPPIyREWftAQKA3fGAVRTIPAS L 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 MI I ■! 1 1 1 JMiX ■ I e 

KVPMT FO Q Pi^LQWD VTDFPAFVTKGDTTPS QKYDWXK5N L 

1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 f 1 ! 1 1 v 1 

JOTFHTFDQPWHLQNDVTDF PAFVTKGDMFSQHYDWXKPN S 
V^DYTr-TASYADGJHNTLtORVLRDqGEPlNQSEAQAHIV L 

SEPLKNQHilJttLAlJAPOVPRS DIQ&PKTAV5KFWTPYPFG L 
COWITWRAGYHFDDVMOTHRRPSI.TfeKVYVVGADYSWGLI L 

Ffouf • 2. An//W *0W sequences 01 precursor pmteins ddriwd (rent A 
punctata cDMA comprising tne nucleotide svtowttMKCe coding tor the 
(underscored) inthmal peptide $GOYlLtA$YA£>. The uppar e^qtmrtce (SSB 
im residues) is cfeWterf rtw lt}a toi&Ootidc ffflgiMnco oftho dQNA Bnaxfng 
the polypeptide termed cyjtittfr-L widHhe lower nequenca (421 M 
nstduosf is derbkd from tne nucleotide sequence of efts cDNA oncetSnU 
the polypeptide tamed cyptssto-S- in addition to these ctonifytSs^nguishnhle 
transcripts, other mRNA may exist with tfdtffo/Ktf tfWwvnw* PCH With 
CDNA ar template und cyplasin^L^sy e&HC primer ptfrs retessBB sequences 
sUfrtty dffrerin* teem tne ctor}*dCypt$$k**lfeftf eyptdrfn+S encoding cDNA 
firwjypnco*. Amine &cto excttanges dalezted by tho PCH protxsAir* ere 
Mealed in bmckats. Ann -linked gfyeeeytelhn site* m (ewtd\at ea portions 
N*151 t N'2rt t N*/lOUN*aiB t andN-^Theputa8w 
secretory signal eee/uenee (9 between ea & (Sj and » 63 (A). 




a b c 

i 

Figure 4. Enrichment of lha rQoombteml cypti$?n • L - BGFP fusion protein in 
cytotoxic protein ffaethns nteased ttotn SF9 cfiife. Extracts containing (ho 
tytetoKh factor wera pnpwdfmm BF9 «tfs expmssfnp cyptASfn-L-BGFP 
as des&toed under Material* und Man\ads section. idanttoMl eamptes were 
sepa&ieo oa m tzk potyacrylamkfe got PoJypopfotes run on p&rnftd pcf 
tEctioflB. lagsthor with apiatafn a&w marker, mfc ttlhvrvisuafccdhya **r*er 
Mttinthy pmcBdura or'bhttod to 9 f VpF ntembwe. the tnemtuana was 
prated with an untl* EQFP anfibotty and knmunocotnptaxsa fomrnd wqcq 
v&i#By&d by means or *n tikafine ptiaspn&tasG-couplod taoond antibody, 
(a J Showa the p/nreft site marker, (b) £ftowth& piumtrwil polypeptides 
pfcs&iibttneextwct. fc) Show the antigen detected by (ho BSEF-spaafe 
antibody. 
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FTgurafc Cyfeftwfc «?ifaete vfoanulnc and rccpfnbfrmt cyfrtisto-L^BQFP. 
four cfflemnt call fines yreea treated far 5 hours wtih genuine Gypi&siavnef vtrtfh 
standard admefs ftceMaierfab and Methods sccuoa) foxwSF! cmamsrsbty 
atpnssingvyplaSftnL^EQFp, Gcndfne cyptesin: Prtmjty tiSFs. kwuoma 
wtlh&OnMcypfasti Atltb cwtoemlmten. HSPcfilJS Mow* styfltM typtefii 
/b/k&yi /fca/ fo^/to mtnictien of Via evil membrane and partial dcttcfun&f. 
QeU denh h not observed et thfe conoantraiton. Tho cells nwvur and 
CmfovetoproJlterefa Primary human melanoma calls denvad from blopsb* 
an* mors suecepbbie to /fee cyioftwfe affect a/ cyplaaln thot(HSF obBs. A/tor 
atftffon ci eyptasln (9 fiMh &a ISdSa show m* types! cyptasfn-diducod 
memoriae cfwiQes and finally die (arrow? J. <3fr eeUa from a permanent evil 
ifoe ctistltoting front me beafn eevte* efm embryos etc moist eenalito vmen 
trotted *4m cyplasbi. Addition of 0.5 nM cypfssin Is sufficient Xo Induce co9 
rffflffr (aire**). Urn Uartg*roa PfK cells faquirs a nM eyptASjn to ixWtfl tho 
mwpnotagy of eying cans* Recombinant cyptiski-U^EQFP: Xlsntfxrx? 
extracts of faccwbfnartt cyplacm-l^BQFP ( 1 00 pi/G00p! podium} aim* 
mpetaMcuttums. w emmUyktenikalandgmtiedcyioletfc oireds (Arrow*). 
Ban 10 ym. , 




Cyplasin (nM) 



Figure 0. Dase-responso curve cf cyplaJitA lot varfwt coll Unas, Gte cess 
era the calls (nest $irvflpyc fo cyplzsln. Less (fan 1 n 'Meypl&BinguMc&to foil 
ti\c majority of thtm, Pttmuy human melanoma ctil^sndPtHcsSa show also 
A hfgh sensliivHy to cyptamn. wheress HSFs an much mom totenuik enty a 
dosaas high as 100 nM cypksln Will ffl those cbBs! 
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Figure 7. Apaptatie cell death Induced by atautwpcftic and cell death 
nrducevbyvaiunne eypts&i WK calls ware treated wflb 10 Mcyplzmm tors 
*0vt8 (upperpamlh V*m F riy/trtstBoresportn (or 3 fours (bwerptmar). 
The ctns warn stained nWt q murium of FlTC-tsoeied Annenln V and 
pmpforvm fetftfff as described ehcwhcrc fin detail [a J. The FrfC-Armsxin V 
ftatnklg show the characteristic translocation ctrzhtephdVidyUttrino trom tfl0 
inner to ft? outer tkh otthepfasma membrane. NoFlTC-AMwtn V staining 
fe found in cypi&sln* (rented cells that show the tharactanstie eyplssfn* 
induced mmpTiQlQtfcal changes. Neither ei&uwsportna noreyplaaln perns* 
aWzss me celfa. which & revealed ay missing pnpkGurn totfte etavtfnp cf 




Figure a. Anaphase progress of o (HK tan present In a culture treated tot 
1 hour nftft Z nM genuine cyplasin. tyvm upper left \o tower right: No 
interference is obsBtved with me process of anaphase. 'Jrfjfcfr Is 
t&MfKlth? bi an apparently normal oyiddnosla. Alter ertertog interphase. I 
this cell ahewad the typical eyelash-Induced changes in morphology. Bar. 
10 ran. i - : 
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Figure & BffsCt cfcypla^n pn the aetln eymotetetan afhumsn primary matoncma c&Ss. Gyp! win (10 nM) causes a fasl depotyvnwizalron Ofastki ttbtoS. (/* 
ereGfifioo el Hit Ofttteaf art* vtor* i-ccfa staining persists (snvws), (a) Untreated cqpfrnt (b) 90-mrnvtB cypfaain thcutethn; (Oj GQ+minuW cyplasm 
incubation; fd) SO*m?mtte cyptBsSry tneutedbn; (c) 1£Q*n&*vle Gpftsto Sncubfilioni (f) 7BQ r mInute qyplitln tocubalion. Bar, 'fflfun. 
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